Abstract. Intertemporal choice has been drawing attention in econophysics and neuroeconomics. Recent studies in neuroeconomics show nonlinearity in psychological time perception can explain hyperbolic discounting. In this paper, we experimentally tested the gender difference in the subjective values of intertemporal monetary rewards and that of subjective time perception. Our results show: (1) male participants have a shorter time perception regardless of the length of delay; (2)male participant's subjective value of future monetary reward is less than that of female's. This finding provides another evidence that anomalies in intertemporal discounting is due to psychological perception of delay or time-interval.
Introduction
Studies in neuroeconomics have discovered that humans prefer sooner but smaller monetary rewards (SS) to larger but later rewards (LL) [1] [2] [3] . Discounted utility model proposed by Samuelson [4] partially explains this phenomenon, but empirical studies have discovered and examined a wide array of anomalies such as hyperbolic discounting [5] [6] [7] [8] [9] [10] [11] [12] [13] , sign effect (also known as gain-loss asymmetry) [14, 15] in the field of intertemporal choice analysis [16] [17] [18] [19] [20] . Recent studies in neuroeconomics show nonlinearity in psychological time perception can explain hyperbolic discounting [18, 22] . In this paper, we experimentally tested the gender difference in the subjective values of intertemporal monetary rewards and that of subjective time perception. This paper is organized in the following manner. In Section 2, we conducted both intertemporal choice and time perception experiments with the same group of participants. In Section 3, we analyzed the gender effect of subjective values of intertemporal monetary rewards and that of subjective time perception. Finally, in Section 4, we drew conclusion of this paper.
Method and Procedure
Fifty-seven (22 male and 35 female) undergraduate students from Northeastern University (P. R. China) completed both of the intertemporal choice and time perception experiments. Each participant was paid 10 renminbi (the currency in China, hereafter referred to as ¥) for participation.
Subjective Value of Future Money
To estimate the subjective discounted values of future monetary rewards, we employed the same well-established experiment setting as Read [23] . Subjects chose between a larger-later (LL) and a smaller-sooner (SS) amount. Once the choice had been made, SS was adjusted and the participants chose again. The successive choices were designed to bring the two amounts towards an indifference point, where the SS and LL amounts would have the same present value.
SS was adjusted in response to choices using a 'splitting the difference' procedure, by which each successive amount was found at the midpoint between the highest value they had judged as too low (called highup), and the lowest value they had judged as too high (called lowdown Oct 2017(future) This process continued until the difference between highup and lowdown was less than 100. An indifference value was estimated as the mean between highup and lowdown. In this case, the final lowdown is 7891 and the final highup is 7813 (7891-7813<100), and the subjective value of future monetary reward (10000) is then (7891+7813)/2=7852, shown in figure 1. The 2 delays of receipt were 1 year and 10 years.
Subjective Time Perception
Human time perception differs from calendar timescale. To estimate the subjective time perception of the same group of participants, we employed 180-millimeter experiment setting as Zauberman [24] . The experiment was also conducted on a computer. Participants were presented with a 180-millimeter long slider (horizontal bar) with endpoints labeled "very short" on the left end and "very long" on the right end. They were asked to click on a point on the slider indicating their response to the following question: "How long do you consider the duration of a year from now?" and "How long do you consider the duration of 10 years from now?" The distance from the left end of the scale to participant's mark was used as a measurement of his/her subjective time perception. Table 1 demonstrates the average subjective values of intertemporal monetary rewards and subjective time perception of the group, the male participants, and female participants, when the reward is delayed for 1 year. The subjective time perception is denoted as T and subjective value of future money is denoted as V(D). E(T) and E(V(D)) are the mean values of T and V(D), respectively. Table 1 . Mean values of intertemporal rewards and time perception (1 year delay). Table 2 demonstrates the average subjective values of intertemporal monetary rewards and subjective time perception of the group, the male participants, and female participants, when delay of receipt was 10 years. 
Results
E(T) E(V(D)) Group
Discussions
Recent studies in econophysics [16, 20] and behavioral economics have considered the roles of psychophysical effects of time perception to account for anomalies in intertemporal choice. Takahashi [17] has shown the mathematical equivalence between q-exponential discount model with physical time and exponential discount model with logarithmic psychological time following the Weber-Fechner law. That is,
where V(D) is the subjective value of a future reward D, the free parameter k is an index of the degree of discounting, and T is subjective value of the length of delay. Equation (1) shows that V(D) is a decreasing funtion of T, which is consistent with the results in table 1 and table 2 (i.e. greater the value of E(T), less the value of E(V(D)). We also found clear evidence of gender effect. In our experiment, male participants exhibited a short perception of time for both of 1 year and 10 years delay, and hence appeared to be more patient and were willing to value a future reward higher than females.
Summary
In this paper, we experimentally tested the gender difference in the subjective values of intertemporal monetary rewards and that of subjective time perception. Our results show that male participants have a shorter time perception and a higher valuation of future monetary reward regardless of the length of delay. Our empirical study provides strong evidence that anomalies in intertemporal choice can be explained by human's perception of time.
